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precipitation/dissolution	processes,	heat	 flux	or	changes	 in	soil	physical	and	hydraulic	properties.	For	accurate	and	reliable	model	prediction,	 it	 is	necessary	 to	consider	all	 the	processes	 involved	 in	coupling	unsaturated	 flow,	non-isothermal	multicomponent	reactive
transport,	and	transient	soil	physical	and	hydraulic	properties	(Šimůnek	et	al.,	2006;	Wissmeier	and	Barry,	2009;	Steefel	et	al.,	2015).
The	main	objective	of	this	research	is	to	assess	possible	long-term	changes	in	soil	physical	and	hydraulic	properties	from	the	use	of	non-conventional	water	for	irrigation.	The	HP1	code	(Jacques	et	al.,	2006,	2008)	to	simulate	unsaturated	water	flow	and	non-











where	θ	 is	 volumetric	water	 content	 (L3	 L−3);	 t	 time	 (T);	 z	 the	 vertical	 space	 dimension	 (L);	K(θ)	 unsaturated	 hydraulic	 conductivity	 function	 of	 soil	 (L	T−1);	 h	 soil	 pressure	 head	 (L);	 and	S	 a	 sink	 term	 that	 represents	 water	 uptake	 by	 plants	 (L3	 L−3	T−1).	 The	 soil
hydraulic	properties	are	defined	by	van	Genuchten-Mualem	constitutive	relationships	(Mualem,	1976;	van	Genuchten,	1980):
where	Se	is	effective	saturation:













































































Layer 1 2 3
Depth	(m) 0–0.05 0.05–0.39 0.39–1.40
Sand/Silt/Clay	(%) 36.2/29.6/34.2 59.1/34.8/6.0 45.4/47.1/7.5
Texture Clay	loam Sandy	loam Loam
Bulk	density,	ρ	(g	cm−3) 1.38 1.5 1.42
Porosity	(%) 47 41 44
Particle	density	(g	cm−3) 2.65 2.53 2.54
θs	(cm3	cm−3)* 0.48 0.39 0.41
θr	(cm3	cm−3)* 0.04 0.15 0.15
α	(cm−1)* 5.11	·	10−3 2.47	·	10−2 1.66	·	10−2
n	(–)* 1.90 1.48 1.42
Ks	(cm	day−1)* 5.9 50 60.9












Layer 1 2 3
Fig.	2	Initial	pCO2	profile	and	volumetric	concentration	for	the	two	more	abundant	minerals	(calcite	and	gypsum)	in	the	three	defined	soil	layers.
Fig.	3	Root	water	uptake	Feddes-Wesseling	model	scheme.	Ω(h)	is	the	dimensionless	water	stress	response	function	(0	≤	Ω(h)	≤	1)	that	prescribes	the	reduction	in	uptake	that	occurs	due	to	drought	stress.
Longitudinal	thermal	dispersivity,	βt	(cm) 1 1 1
b1	(W	m−1	K−1) −0.197 0.206 0.281
b2	(W	m−1	K−1) −0.962 0.393 0.451
b3	(W	m−1	K−1) 2.521 1.534 1.534
Volumetric	heat	capacity	of	the	solid	phase,	Cs	(J	m−3	K−1) 2.013	·	106 1.648	·	106 2.251	·	106
For	 the	multicomponent	 reactive	 transport,	dissolution	and	precipitation	of	 five	mineral	species	are	considered:	dolomite,	calcite,	aragonite,	anhydrite,	and	gypsum	(molar	volumes,	http://database.iem.ac.ru/mincryst/,	 listed	 in	Table	3).	The	 initial	 soil	 content
(moles)	of	these	mineral	species	have	been	derived	from	the	mineralogical	determinations.	Initial	equilibrium	of	calcite	and	gypsum	in	the	soil	water	is	considered;	pCO2	in	soil	is	set	at	10−1.5	atm	in	the	root	zone	and	at	10−3	atm	below	it	(Appelo	and	Postma,	2005)	after
considering	that	biological	activity	diminished	below	this	depth	(Fig.	2).	The	rainfall	presents	 low	mineralisation,	and	it	 is	considered	in	equilibrium	with	pCO2	=	10−3.5	atm.	The	dispersivity	values	for	the	different	soil	 layers	of	 the	model	have	been	obtained	by	inverse
modelling	of	a	tracer	test,	as	described	in	Valdes-Abellan	et	al.	(2014)	(Table	1).
Table	3	Solid	mineral	phases,	chemical	reactions,	molar	volume	and	molar	mass	of	the	solid	mineral	phases	considered.
























Layer 1 2 3
Calcination	loss	(%	of	weight) 40.90 38.33 35.97
Oxide	states	components	of	the	solid	phase,	X-ray	fluorescence	(%	of	weight)
Al2O3 6.43 1.73 2.98
CaO 27.15 46.00 45.67
Cl 0.10 0.09 0.05
Fe2O3 1.84 0.48 0.76
K2O 1.45 0.31 0.48
MgO 2.53 2.06 1.99
MnO 0.01 0.00 0.00
Na2O 0.40 0.20 0.18
P2O5 0.10 0.00 0.01
SO3 0.17 2.94 0.95
SiO2 18.65 7.71 10.82
TiO2 0.26 0.02 0.06
Components	of	the	solid	phase,	X-ray	fluorescence	(ppm)
Ba 0.00 6.00 0.00
Br 11.50 16.75 12.00
Cu 12.00 17.25 11.00
Ni 0.00 0.00 0.00
Pb 26.50 26.00 20.33
Rb 51.50 18.75 24.33
Sr 482.00 1193.25 1193.67
Zn 37.50 19.75 15.33
Zr 100.50 39.00 87.00
Soil	mineralogy	reported	by	X-ray	diffractometry	(%	of	the	solid	mineral	phase)
Calcite 67.2 80.2 83.1
Quartz 18.1 10.6 7.2
Gypsum 0 9.2 4.1
Illite 9.7 0 2.9
Dolomite 5 0 0
Albite 0 0 1.2
Orthoclase 0 0 1.6
Cation	exchange	capacity	and	organic	matter	content
CEC	(meq·100	g−1) 12.4 4.7 5.8
OM	(%	C	of	dry	soil	weight) 0.8 0.21 0.12
OM	(%	oxidable	OM) 1.38 0.36 0.22
Table	5	summarises	the	monthly-analysed	chemical	composition	and	physico-chemical	parameters	of	irrigation	water.	The	chemical	balance	error	was	always	lower	than	1.9%.	It	shows	a	monthly	variation	of	the	applied	water,	with	sodium-chloride-sulphate	facies
at	a	neutral	pH.	The	chemical	 indices	 (i.e.,	Hardness,	TAC,	SAR)	are	also	computed.	SI	 shows	 that	 irrigation	water	 is	 subsaturated	 for	most	of	 the	possible	mineral	 phases	within	 the	existing	pH	 range.	Yet	under	atmospheric	 conditions,	 almost	 saturated	or	even
oversaturated	conditions	(i.e.,	SI	>	0)	prevail	for	the	most	relevant	mineral	species:	aragonite,	calcite,	dolomite,	anhydrite	and	gypsum.	The	SI	variation	along	a	year	for	these	minerals	is	shown	in	Fig.	4.	Note	the	increased	SI	of	Ca-	and	Mg-carbonate	during	the	summer
season,	which	 indicates	 that	mineral	precipitation	may	occur.	From	the	chemical	 indicators	SAR	and	EC,	 there	 is	a	medium	risk	of	alkalinisation	 for	most	of	 the	water	samples,	while	 the	risk	of	salinization	 is	high	(or	even	very	high)	 in	all	 the	analysed	samples	(see
Supplementary	Material).
Table	5	Physico-chemical	characteristics	and	major	ion	contents	for	irrigation	water	during	the	2011–2012	period.
January February March April May June July August September October November December a
pH 7.90 7.95 8.10 7.80 7.90 8.11 8.28 8.60 8.30 7.70 7.70 7.10 7.9	(0.4)
T	(°C) 12.0 11.3 16.2 – 21.7 24.9 30.3 – – 23.8 17.9 10.1 15.9	(9.4)
Eh	(mV) 219.8 189.8 209.7 158.4 189.2 196.0 349.3 164.8 148.5 161.2 220.4 221.1 197.7	(40.8)
EC	(μS	cm−1) 2090 1755 1677 2070 2160 1822 1890 1277 1707 1809 1132 1134 1704.1	(352.0)
Hardness	(mg	CaCO3	L−1) 396.5 327.3 303.9 368.6 434.7 398.0 352.2 347.9 427.6 343.9 314.1 225.5 347.1	(51.5)
TAC	(mg	HCO3	L−1) 132.3 110.0 117.0 154.9 133.7 132.1 152.2 133.9 164.2 114.4 158.9 86.7 132.1	(23.0)
SAR 5.75 5.53 5.30 5.19 6.13 5.26 4.11 4.85 4.79 5.32 3.47 4.18 5.00	(0.68)
Na+	(mg	L−1) 263.0 229.8 212.3 228.8 293.9 241.1 177.3 207.8 227.4 226.7 141.3 144.4 214.5	(37.8)
K+	(mg	L−1) 6.3 5.0 4.9 5.1 6.5 5.3 4.2 4.6 5.4 5.4 4.1 3.4 5.0	(0.7)
Ca2+	(mg	L−1) 83.6 69.1 65.8 81.5 87 83.8 76.9 71.9 89.6 73.1 67.9 53.2 74.1	(9.5)
Mg2+	(mg	L−1) 45.6 37.5 33.9 40.1 52.8 45.8 38.9 40.9 49.5 39.2 35.1 22.5 39.4	(6.8)
Cl−	(mg	L−1) 354.1 311.8 281.8 316.9 405.6 349.6 262.4 296.5 342.7 306.9 209.7 185.4 297.5	(51.7)
NO3−	(mg	L−1) 44.7 47.7 37.3 27.5 43.4 40.2 27.9 34.9 36.9 41.8 28.9 34.6 36.7	(6.2)
SO42−	(mg	L−1) 333.5 271.9 248.2 295.4 364.4 297.8 232.6 260.1 286.9 292.1 166.7 176.4 264.7	(49.3)
HCO3−	(mg	L−1) 132.2 110.0 117.1 154.9 133.7 128.4 145.3 94.0 133.9 114.4 159.0 86.8 125.8	(22.7)
CO32−	(mg	L−1) 0.0 0.0 0.0 0.0 0.0 0.0 3.4 19.7 14.9 0.0 0.0 0.0 3.1	(6.7)




























































Although	 results	and	conclusions	depend	on	specific	 local	conditions,	 including	soil	mineralogy,	 irrigation	water	quality	and	climate,	among	others,	obtained	 results	can	contribute	 to	 improve	understanding	of	processes	 in	similar	 regions.	Note	 that	such	a
modelling	approach	forms	a	basis	for	studying	climate	change	effects	either	through	the	methodology	of	climatic	analogues	(Leterme	et	al.,	2012)	or	the	generation	of	climate	change	scenarios	(Candela	et	al.,	2009);	the	evaluation	in	detail	of	the	relative	importance	of
climate	change	in	the	studied	processes	needs	to	be	addressed	in	further	investigations.
7	Uncited	reference
Fig.	8	Space-time	plots	of	expected	changes	in	(a)	calcite	content	(mols),	(b)	gypsum	content	(mols),	(c)	the	Ks	scaling	factor,	αk1αk2,	and	(d)	the	alpha	of	van	Genuchten	model	scaling	factor,	αGM,	for	the	lower	partial	pressure	of	CO2	(pCO2)	in	the	root	zone	scenario.
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